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PRELIMINARY DRAFT FOR INTERNAL REVIEW
APPENDIX A: KAKA'AKO AREAWIDE TRAFFIC STUDY - TRAFFIC OPERATIONS MODEL DEVELOPMENT

APPENDIX A: KAKA’AKO AREAWIDE TRAFFIC STUDY -
TRAFFIC OPERATIONS MODEL DEVELOPMENT

As a supplement to Honolulu High Capacity Transit Corridor Project (HHCTCP) Draft
Environmental Impact Study (DEIS), Fehr & Peers prepared Kaka’ako Areawide Traffic Study
(Fehr & Peers, March 2009) for the City and County of Honolulu to assess regional and local
access to future guideway transit stations and the surrounding high-density commercial and
residential development in the Kaka'ako-Makiki areas of O’ahu, Hawaii. The Kaka'ako study
identifies the regional freeway bottlenecks and causes of local traffic congestion in the study area
and presents an areawide transportation improvement program that aids mobility. A key element
of the analysis is the operations of the H-1 Freeway, which runs east-west approximately three
miles north of the stations.

This technical memorandum summarizes the data collection effort and methodology used to
develop the traffic demand forecasting and operations model for Kaka'ako Areawide Traffic
Study. Development of the intersection operating conditions analysis and discussions related to
the effect of reversal of Pensacola Street-Pi'ikoi Street one-way couplet are also included.

FORECASTING AND OPERATIONS TOOLS

and VISUM
expanded fo{
Organization . B Y developed fo™O'ahu Regional
Transportation Plan 2030 (ORTP) (O'ahuMPO 2007) and used for the HHCTCP DEIS. A sub-
area from the regional travel model was extracted using VISUM and was used to develop and
facilitate a more detailed estimation of travel patterns on a turning movement level of detail.
VISUM allows the process to capture the local-scale distributional effects of roadway
improvements made to the H-1 freeway and arterials in the study area. Of particular interest
were the major improvements to the interchanges and the shift in traffic patterns associated with
the improvements.

The project area experiences severe congestion at the freeway interchanges, with gridlock
conditions on most ramp access intersections resulting in increased neighborhood cut-through
traffic. Travel pattems in the study area are sensitive to changes in roadway capacity, signal
operations, and traffic demand. The demand-based VISUM model is supplemented with the traffic
operations tool, VISSIM. The VISSIM traffic micro-simulation model was used to conduct
network-wide evaluations of traffic operations including corridor travel time estimates, focused
analyses of freeway ramp access, and intersection queuing/delay. Field observations and on-
road surveys were conducted for the major corridors during the peak periods to calibrate the
VISSIM micro-simulation model. The results from the VISUM and VISSIM model runs were used
to identify existing and future roadway deficiencies and improvement opportunities

To understand how these models were in the integrated systems approach, an overall work
process flow chart was prepared as shown in Figure A-1. A more detailed description of the
process is presented below.
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TRAFFIC FORECASTING MODEL DEVELOPMENT

The island-wide O’'ahuMPQO model focuses on estimating regional travel for the entire island of
O'ahu. Since the proposed project improvements will focus on a localized area of the island, the
regional model would need to be supplemented by a more detailed sub-area model.

To improve on the level of detail in the forecasting process, the VISUM modeling software was
used to extract a sub-area of the regional model and enhance its level of detail. VISUM has the
same standard features as traditional travel demand models as well as other features that allow
the model to capture the local-scale distributional effects of roadway improvements more
accurately. VISUM is capable of refining regional travel patterns to match observed traffic
volumes and can utilize a wide range of sophisticated assignment algorithms to assign trips to the
network based on roadway link capacity as well as tumning movement capacities. Therefore, the
regional model was used as a macro-level planning tool for trip generation, trip distribution, and
mode split, while the VISUM model was used for detailed trip assignment in the sub-area.

Base Year (2008) VISUM Model Development

The first step in the forecasting process was to develop a base year AM and PM peak period
VISUM model for the Kaka'ako-Makiki area. Considering the traffic patterns and congestion in
the study are M and from
2:30 to 6:30 idation and
4) VISUM mo! calibration and

b4

=4

> intersections ar® 35 H-1 Freeway
facilities (segments and ramps) in September 2008 for this analysis. October 2007 count data
collected at 23 intersections for the traffic analysis of the proposed guideway transit station area
in the DEIS were also used. Figure A-2 illustrates the traffic count locations. Two freeway
mainline counts were collected on the H-1 Freeway immediately west of the Pali Highway
Interchange and immediately east of the Kapahulu Avenue Interchange to capture the traffic
entering and exiting the study area.

With the volumes on both ends of the study area and the segment count data for traffic entering
and exiting all the ramps, traffic volumes were estimated for each freeway mainline section
between ramps. The AM and PM peak period intersection turning movement traffic counts were
balanced between closely-spaced intersections and used to calibrate and validate the sub-area
VISUM model. Lane geometries collected from the field were used to develop individual turning
movement capacities at all 73 study intersections for use in the trip assignment process. Posted
speed limits, travel speeds and travel time on H-1 and major arterials during the peak hours were
also collected.

Page A-3 of 28
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Sub-Area Model Validation and Sub-Area Extraction

The most critical static measurement of the accuracy of any travel modet is the degree to which it
can approximate actual traffic counts in the base year. For a model to be considered accurate
and appropriate for use in traffic forecasting, it must replicate actual conditions to within a certain
level of accuracy.

A preliminary sub-area model validation was performed on the base year (2007) O’ahuMPO
model to ensure macro-level traffic patterns were reasonable prior to their refinement in VISUM,
Traffic forecasting models are typically calibrated by adjusting model parameters until they are
validated by applying a set of criteria that compare model link volumes to actual counts. For the
Kaka’ako Areawide Traffic Study, land use and roadway network modifications were made to the
island-wide regional model to provide a more detalled analysis of the existing conditions in the
study area. The resulting roadway link volumes were compared to roughly 400 intersection
approach and departure volumes derived from turning movement counts collected in 2008.

Key validation standards for daily travel models were developed based on Mode/! Validation and
Reasonableness Checking Manual (Travel Model Improvement Program, Federal Highway
Administration [FHWA], 1997).

e deviation of at

should be within
the maximum desirable deviation, which ranges from approximately 15 to 60 percent
depending on total volume (the larger the volume, the less deviation is permitted).

*  The percent root mean square (RMSE) should not exceed 40 percent.

« The comelation coefficient between the actual ground counts and the estimated traffic
volumes should be greater than 88 percent.

Regional model link validation results are presented below.

Page A-5 of 28

AR00155085
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Unlike standard travel demand models, the VISUM model does not include zonal land use data
as an input. Instead, the origin-destination trip tables from the validated O'ahuMPO base year
travel demand forecasting (TDF) model were imported into VISUM. Additionally, the existing
peak period traffic volumes (both intersection and freeway volumes) were imported into the
VISUM model since VISUM has the ability to adjust origin-destination trip tables to match
observed volumes by utilizing the relation of intersection turning movements and the macro-level
traffic patterns from the O'ahuMPO model. The matrix adjustment module (TFlowFuzzy) in
VISUM was executed to iteratively adjust the origin-destination trip tables from the O'ahuMPO
model to match observed traffic counts.

The TFlowFuzzy process is based on matrix correction research by Zuylen/Willumsen,
Bosserhoff, and Rosinowski. The process uses complex vector analysis with the matrix values
used as weights for the origin-destination relations and the upper and lower bounds of the traffic
counts used to provide some slack in finding a solution to the matrix collection problem. Since
the matrix correction procedure finds a solution to match the traffic counts, it is not necessary that
the traffic counts and the origin-destination trip table represent the same year. The end resultis a
refined origin-destination (AM and PM peak period) trip table based on the macro-level trip
distribution and assignment results from the O’ahuMPO model, as well as actual field counts.

Existing VISUM M ibration and Validation

transportation (California Department of Transportation [Caltrans]).

e For volumes less than 700 vehicles per hour (vph), within 100 vph
e For volumes between 700 and 2,700 vph, within 15 percent
e For volumes greater than 2,700 vph, within 400 vph

Table A-2 shows the validation results for the AM and PM peak period origin-destination matrices.
Exhibits 1 and 2 show the validation results by iteration for the AM and PM peak periods,
respectively.

As shown in Table A-2, roughly 98% of all turning movement volumes fell within the validation
criteria for both the AM and PM peak periods. The turning movement volumes that did not fall
within the validation criteria were generally low-volume turning movements. Exhibits 1 and 2
indicate that the origin-destination matrix process converged rapidly, generally matching the
validation criteria by the third iteration. The rapid convergence is due to the use of origin-
destination matrices from the well-calibrated O'ahuMPO model, which was validated to approach
and departure volumes.
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Future Year (2030} VISUM Model Development

The next step in the forecasting process was to develop a future year (2030) AM (two-hour) and
PM (four-hour) peak period VISUM model based on the base year (2008) calibrated/validated
VISUM model.

2030 Travel Demand Forecasts

Future year (2030) trip tables were developed with the use of the future year (2030) O'ahuMPO
travel demand forecasting model. This ensures the origin-destination trip tables assigned by
VISUM reflect the anticipated growth in the project study area by year 2030 as estimated by the
O'ahuMPO travel demand model. Since the 2030 O'ahuMPO model was derived from the base
year 0'ahuMPO model, the same roadway network modifications made to calibrate the base year
0O’ahuMPO model were incorporated into the 2030 model. Additionally, the 2030 model was
checked to ensure the transit improvements proposed under the First Project Alternatives were
included. The trip tables were then assigned to the modified roadway network, and a sub-area
extraction of AM and PM peak period origin-destination trip tables was performed.

The future conditions origin-destination matrix is then developed by adding predicted growth
between the base and future year travel demand forecasting models to the validated origin-
destination matrix.

The resulting huMPO model to
ensure area ation pairs. if an
unrealistic grf the flow between

the origin-de| i : R igi tion matrix was
then develop - tables from the
O'ahuMPO table developed
during the VIS

The approach described above is very similar to other model adjustment techniques like the
"difference method,” which applies the following formula:

Adjusted Future Volume = Field Count + (Mode! Future Volume — Model Base Volume)

However, instead of applying the technigue at the link level, the technique is applied at the origin-
destination level to better reflect the modef's growth predictions.

2030 VISUM Model Development

The validated base year (2008) VISUM modei was modified to include future baseline roadway
improvements assumed in the 2030 O'ahuMPO model. The following programmed roadway
improvements in the project study area were included as part of the 2030 Baseline (No Build)
conditions:

* Widening of H-1 eastbound between Ward Avenue and Punahou Street from three to
four lanes

* Conversion of Waimanu Street between Pensacola Street and Pi'ikoi Street from four
lanes in the eastbound direction to a two-way street with two lanes in each direction

Page A-12 of 29
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The resulting 2030 baseline roadway network was then modified to include regional roadway
improvements and local station area circulation improvements proposad in the Recommended
Roadway Improvements Plan and the Alternative Roadway Improvements, as described in
Chapter 6 of Kaka'ako Areawide Traffic Study.

The final future year (2030) origin-destination matrix was then assigned to 2030 roadway network
alternatives, including future baseline (with 2030 ORTP), 2030 with Recommended Plan, and
2030 with Alternative Plan. Conventional parameters such as link capacities and speeds as well
as innovated parameters such as intersection control and tuming movement capacities were both
taken into account during the traffic assignment procedure. It is Important o note the same
origin-destination matrices were assigned to all three roadway network alternatives. This way the
same amount of travel demand would be preserved between origins and destinations and is not
expected to change across different 2030 scenarios. Instead, only actual routes vehicles travel
from their origin to their destination are expected to change. Analysis of identical travel demand
patterns over varying roadway networks would obtain a true apples-to-apples comparison of all
three future alternatives.

Figures A-5 and A-6 illustrate the validated VISUM model for future 2030 baseline roadway
utilization conditions during the AM peak hour and PM peak hour, respectively. Figures A-7 and
A-8 illustrate the peak hour roadway V/C analysis for future 2030 with Recommended Plan
conditions dunng the AM peak hour and PM peak hour, respectively. Figure A-8 and A-10

depicts the is for ’Rw:th Altegggtive conF Tk hour and
Ly !!
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TRAFFIC SIMULATION MODEL DEVELOPMENT

The vehicle routing decisions along with the final future year (2030) origin-destination travel
dermand matrix contained in the VISUM traffic assignment models were transferred into VISSIM
for the traffic operations analysis and determination of performance measures for future
scenarios.

Overview of VISSIM Model Development

The development of the VISSIM model includes three basic components: (1) setup, (2)
calibration, and (3) validation. The VISSIM model was constructed by drawing the roadway
network using aerial photography as a background. The number of lanes and the location of lane
additions and drops were confirned by field observations. Additional detail was incorporated into
the VISSIM network (posted speed limits, grades, etc.) to better reflect observed field conditions.
Ramp meter signal operation (i.e., cycle lengths and timing plans) were specified. Driver behavior
parameters were adjusted based on field observations. The distribution of vehicle types was also
calibrated to local conditions so that the percentage of trucks and high-occupancy vehicles
(HOVs) match the traffic counts.

Since micro-simulation models like VISSIM rely on the random arrival of vehicles, multiple runs
are needed to provide a reasonable level of statistical accuracy and validity. Therefore, the
results of 10 separate runs {each using a different random seed number) were averaged to

The VISSIM Jllodel wasillalid ing il the criteria de

onal cf
ssively adjust
odel was vali

ped in Applying
ia developed by
default VISSIM
parameters ed to observed

conditions.

The calibrated and validated model is used to generate performance measures that are
consistent with Highway Capacity Manual (HCM) (Transportation Research Board, 2000). The
validated VISSIM model will serve as the basis for future conditions models. The VISSIM model
will be revised based on planned roadway improvements and forecasted traffic demand volumes.
Then, the model will be run for 10 iterations using different random seeds, and the results
checked for reasonableness. Finally, the performance measures for freeway mainline sections,
ramp junctions, and travel time segments will be extracted.

Operations Model Input Data

The model setup required the input of geometric, traffic control, and traffic flow data as
summarized below:

« Roadway geometric data were gathered using aerial photographs, design plans, and field
observations. The lane configurations taken from aerial photographs were modified
based on field observations.

e The posted speed limits for the freeways and ramps were collected during field
observations.

e Existing traffic volumes in 15-minute intervals for the two-hour morning and four-hour
afternoon peak periods: 6:00 to 8:00 AM and 2:30 to 6:30 PM. The peak hours are 6:30
to 7:30 AM and 5:00 to 6:00 PM.
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APPENDIX A: KAKA'AKO AREAWIDE TRAFFIC STUDY ~ TRAFFIC OPERATIONS MODEL DEVELOPMENT

e Traffic from the Kaka'ako or the Ala Moana communities would no longer have easy
access to the H-1 eastbound on-ramp via Plikol Street makai of the H-1 Freeway. This
traffic would more likely use the other eastbound on-ramp at Ward Avenue or University
Avenue. However, because these two ramps are heavily utilized under existing
conditions and would remain heavily utilized in future conditions, this traffic may choose
to stay on an eastbound arterial such as King Street, Kapiolani Boulevard or Ala Moana
Boulevard.

Compared to the 2030 No Build Conditions without this ORTP project, 2030 conditions with this
ORTP project would likely resuit in less traffic on the H-1 Freeway between the Punchbow! Street
on-ramp and Lunaiilo onramp because traffic may re-route to other paralle! arterials. These traffic
shifts would increase the critical movements at high-volume intersections such as Vineyard
Boulevard at Punchbowl Street and Beretania Street at Ward Avenue, creating major bottlenecks
and metering local traffic entering the H-1 Freeway. This traffic shift phenomenon would be much
more visible in the PM peak period when the Lunalilo on-ramp to the H-1 Freeway would remain
open and the Ewa-bound travel on the H-1 Freeway would be generally more desired in the PM
peak period in terms of the overall commute patterns.

The goal of the Recommended Plan as described in Chapter 6 of Kaka'ako Traffic Study is to
improve H-1 Freeway access to and from the Kaka'ako-Makiki area and future guideway stations
as well as enhance the traffic operations on the H-1 Freeway. Inclusion of the proposed roadway

recommended
ljacent arterials.
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EVALUATION OF PIIKOI/PENSACOLA REVERSAL OF ONE-WAY COUPLET
SUMMARY OF RESULTS

The OMPO recommendation to reverse traffic directions on Piikoi and Pensacola Streets
has been examined in conjunction with the overall analysis of the ongoing closure of the
Lunalilo Street on-ramp to the H-1 Freeway and other issues associated with the
Kakaako Area rapid transit traffic analysis. It has been determined that this proposed
highway improvement does not achieve its objective of improving traffic operations
within the study area for a variety of reasons. The analysis indicates that this
recommendation would have negative effects both directly on the one-way pair of streets
and, more significantly, indirectly on other major roadways in the study area. Simply
stated, it would increase the existing congestion at the Beretania Street at Ward Avenue
intersection and at the Vineyard Boulevard at Punchbowl Street intersection, resulting in
a complete breakdown of local circulation in and around the Kaka'ako study area.

INDIRECT IMPACTS

Under existing conditions, the three northbound left-turn lanes on Piikoi Street at the
Lunalilo Street intersection are unable to accommodate the peak period traffic demand,
especially during the evening peak period. The majority of these vehicles are attempting
to access and utilize the Lunalilo Street on-ramp to head ewa-bound on H-1. Vehicle
queues frequently extend past King Street because of the high traffic demand that is
attempting to access H-1 using the Piikoi Street connection to Ala Moana Boulevard and
the Ala Moana Center, coupled with the limited capacity of the single-lane Lunalilo Street
on-ramp. If the traffic directions on Piikoi and Pensacola Streets were reversed, the
capacity of this connection from H-1 to Ala Moana Boulevard and the Ala Moana Center
would be significantly reduced, forcing many of these vehicles to find alternative routes
to H-1. While Pensacola Street does remain the primary option, it could only operate as
a single northbound left-turn lane at the Pensacola Street at Lunalilo Street intersection
because of the proximity of the single-lane Lunalilo Street on-ramp. |f more than one
lane of traffic was allowed to turn left from Pensacola onto Lunalilo, there would be
insufficient room for the vehicles attempting to use the on-ramp in the second and third
lanes to merge into the single lane on-ramp.

The result would be that vehicles would be forced to utilize the H-1 westbound on-ramp
at Punchbow! Street since a northbound left-turn is not allowed at the H-1 westbound on-
ramp at Punahou Street. The travel demand model indicates this overflow traffic would
travel mauka from Ala Moana on an extremely congested Ward Avenue, Alapai Street
and Pensacola Street to make a left-turn onto an already congested Beretania Street in
order to access the H-1 ewa-bound on-ramp at Punchbow! Street. This would result in a
large increase in northbound through traffic at the Punchbowl Street at Vineyard
Boulevard intersection, which already experiences extremely heavy eastbound and
westbound traffic heading to and from H-1 along Vineyard Boulevard. The traffic
analysis indicates that vehicles passing through either the Beretania Street at Ward
Avenue or the Vineyard Boulevard at Punchbowl Street intersections would experience
extreme delays resulting in a total breakdown of the local circulation system.
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DIRECT IMPACTS

The reversal of traffic directions on Piikoi and Pensacola Streets would totally reduce the
effectiveness of the H-1 eastbound on-ramp at Piikoi Street, even if two-way operations
were allowed on Piikoi Street near H-1. The revised operation of the street system
would reduce the ability of this ramp to accommodate much of the diamondhead-bound
traffic forcing traffic in the Kaka'ako and Ala Moana areas to further utilize Ward Avenue
since the next closest eastbound on-ramp is located at University Avenue. As discussed
above, Ward Avenue is a congested facility that would become more so with this added
traffic. Also, the need to use Ward Avenue to access H-1 in this direction would force
some of the traffic to backtrack, i.e., travel in the ewa direction first to access the freeway
in the diamondhead direction.
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